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Pjj^oblea solving strategies cf ieflective aj 

Subjects for the stiidj nere 30 aine-yeaij-olds, 3S ^leven^jear-cids, 
and- 23 thitteen-year-olds vhb^Bad teen classified Ve^reflective or 
iaiJnlsive at ages 7,' 9," and 11 and lihc iad been fcllciied 
-idngitudiBally ovex a three yea£ period. Ihe Hatching *Faailiar 
Figures (MFP) test 'and four protlea Solving tasks ubich jrcfided 
\ information on prob^ea solving strategies were adainistereja eacli year 
during the prograa. The results of the study suggest that children ^ 
¥ho vere classified as reflective cn tie MFF were acre likely'to ^ ^ 
adopt -acre systeaatic anfl/oi aature strat-egies cr tasks niich^ 
required sequential hypothesis testirg and infcrHaticr prci:essitfg 
than «ere iapulsive children of the i^ase ag^*."Ihe Icrgitudinal ^ 
analysis suggested that reflective childrer ^acquired ef fxcient : % 
strategies/aore rapidly cvet the early eleaertaiy i^jears %han did 
iapulsive. chiiaren. At the ^aae tiae,' the relative ii^act cf , • • 
ref lection-iap«lsavity varied ^steaa tically with the developaental 
le»vel of the subjects, nith the relative difficulty cf the prob^ea' ^ 
for children at different stages cf-ccgritive develofaent and «it^ . 
repeated experienaes with the probleas us^d in the study.- (ED) 
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Abstract 

The subjects were 38 9-year-olds ,■ 39 11-year-olds, and 23 l^-year-olds» 
who were classified as either reflective or impulsive at" ages 7; 9, and 11, 
and were followed long.itudinaliy for 3 years. Each year subjects were- 

given the Hatching Fa^^lllar Figures test and four problem-solving tasks 

: ■ ' • ' ' ' ' , ■ 

that provtded measures of sequential information processing strategies. 

The relative impact of reflectfon/impulsivity on problem solving. varied • . 

systematically with developmental level over the elementary age range, and 

the relative difficulty of the preblera for children of different ages. 

During the early elementary period (age§^-9) reflectives displayed a wore 

accelerated rate of strategy development than' iropulstves on two of the foijr 

tasksr\Differences in strategy development were nol: found betvJeen the ages 

of 9 and 11; however, in early adolescence reflectives showed greate.r gdins 

in the use of optimal strategies than impulslves. Correlational analyses- 

suggested that when 'reflectives performed more efficiently than impulsives, 

their . tempo of responding coulcl be attributed to inone mature, systematic ' 

and necessarily time-consuming strategies. . 
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Development of Problem Solving Strategies In ' 
Reflectlvet and Impulsive Children 



- An extensive literature Jas evolved over the past decade which Indicates ^ 
that -reflective children are more competent problem . solv^ and show better 
achievement than iapulsive chtldren (Kagan & Kogan» 1970; HcKinaey. 1975; 
Hesser, 1976). At the same time, it'is not clear from this .literature 
exactly ho>f individual differe^^es jn concept and tempo InfliTence perfor- 
mance duriijg RroblenTsolviji^ or^ m^he cjassroora environment.- Recently, 
several major issues hav/ been raiset^ regarding the conceptualization, 
construct validity, and interpretatior^. reflection/impulsivity, as defined • 
by Kagan's (1975) Hatching Familiar Figui^s Test (Block', Blpck,, i Harrington; 
1974; 1975; Haskins Si«cKinney, 1976; SaUind & WHght, 1977). 

kagan has proposed that performance differences ^between refl ective 
impulsive children are the result^of anxiety over potential failure ifl 
situations of high res^nse uncertainty (KagaV. Rosmn, Day, Albert & 
'Phillips, 1964; Kagan & Ko^an, 1970). AccordiW to the anxifety hypotjiesis, . 
inpulsive children have developed an ^xpectancA for failure and are ra^ivated 
to rerove themselves from the test situation asAquicJkly as possible at the , 
expense .of accuracy'. On. the other hand, reflective \children are overly 
concerned with making' errors. However, since th^ are confident in their 
ahility to deal with the problefn, they adopt a viry careful, tiroe-cohsuming 

'- ■ - . • I y 

' approach that insure* accuracy at the expense of a quick evaluatioiT. 
Unfortunately i Impressive evidence has not been obtained to- suppprt a 
motivational • explanation for performance "differencekwhen reflectives^^arii* » 
irapulsives have been compared on measures of test ai^iety and other personality* 
variables '(Bintler & HcClain, 1976i Block, et.ai;, 1974; Bush & Ikeck^ 1975; /" 
.Hessfer, 1970). Slrailarlyi" several studies in whicfi success and failure have*^ 
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been manipulated during problem solving'*have not found differences, between ^ 

the* two style groups (Hesser, 1^70;-,Reali .4 Hall,- 1976). 

■''/♦■'" 

. •Severtheless, a nunter of investigators .tave attempted to modify 

lapulslve responding in test situations 1ft the bope that an jalteration of 

resjwnse Style would result In improved performance.* In general, these 

sttjdffes have shown that response "teppo can be increased by using swdeling, 

>'nf&rced' delay, or, reinforcement techniques *( Albert, 1970; Kawn, 1966; 

^ . ( ^ . * - 

Kagan, Pearson & Welch, 1966; Reall i Hall, 1970; Yandtf & Ka3^[iJ'968) . ' " - 
.Howexer, these treatoei^ have ngt^been successful In reducing error rates 
'In Impulsive children* On the other hand, /training procedures which have ^ 
taught impulsive chil-dren more. effiji«nt information process-\ng skills * , 
have been more successful, in improving perfohaa'n^ (Debus, 197S; Egeland, 
1974; Heichehbaum & Goodman, 1971 ; Zelnicker, Jeffrey,* Ault & Parsons, 1972). 

The results^of these studies suggest that greater attention ^should be 
devoted to the Banner in which task information is processed by reflective 
and impulsiJ/e' children rather thae to, the tempo of proc^sing. If 
impulsive children have' not acquired efficient strategies for processing , 
task information necessary for solution, then training procedures which 
merely alter response tempo cannot be expected to improve the quality .of 
their performance. 

Recently, several studies have found that reflective children display 
roore mature and efficient problem solving strategies than' impulsive "Sildren 
In tasks that involved sequential InformatiQn ^processing (Ault, 1973; Denney, 
1973; HcKinney, '1972, 1975). Also Zelnlker and Jeffrey (1976) found that 
- impulsive chhdijen tended to process information globally, whereas reflectives 
• demonstrated a Jlrefer^nce for analyzing stimulus detail. These studies suggest 
an alternative to the anxiety hypothesis for explaining performance differences 
betwe^n>9a<€tive and impulsive chi^ldren in the absence of consistent 

t 
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differences in IQ - that is,. that they differ in the w^y they. process task infor- 
oat'ion to arHv^at so'lution/- The primary objective of the presfent study was to ^ 
describe the longitudinal development of problem solving" strategies in reflecTtive 
9nd inpulsive children during the elementary school period. While evi dene *has 
accumulated to suggest that .reflective and iispylsive children differ in the 
way they process- task information, the course of strategy development in ^ • 
the two style groups is unknown. .Similarly,' little is known -about^ the 
general ■(ty- of strate^ behavior with age and s1;yle jr^ups. TheVefdre, 
it is Important to , determine whethpr'indi vidua! differences in performance 
represent genei;alized approaches to a variety of problaps, or whether they 
are unique to ^ given problem with particular sti'mul us or response propiertles. 

Method , . ■ ■ 

Study Sample ^ * - 

- • * » 

The total sample obtained during the first y^r of the project was. • 

composed of 109 7-year-olds, 83 9-year-olds, and- 80 l)-year-olda* All 

of the children were enrolled in a single elementary school and represented 

ther total nirabef of children available. Each child was tested with the 

Watching f ami liar Figures (HFF) test In the fall of 197a to' Select groups . 

I ' • ' .',***' 

of reflective and impulsive children. Following the procedure recofnmended. • 
• • • ' , 

by Kagan (1966), subjects who scored abive.the group median for their age 
1^1 response laten^ and below the median In'errors we're classifled as 
reflective. The opposite criteria were used to clas/H^ subjects as 
impulsive. - This- procedure resulted' In an initial longitudinal -sample of 
^7 reflectives and 86 impulsives. Each, child who was classffled as either 
reflefctive 'or -impulsive was given the Uech'sler Intelligence Scale, .for 
Children (MFSCH verbal scale* Subjects who $^red more than one standard 
deviation '"below average v/ere excluded from the sample. 



Problem So.tvliig Strategies 



5 . . ^■ 



A total of 43 subjects were lost 'the second">e3f* of the project, 
' and art- additional 38 were not available the third year.*. A tofafl of 40 
Children. 1n the youngest age. group (Cohort A) were tested at 7, a and 9 
years'; 51 sufijeS^s in the middle age* group (Cohort &) were tested at 9, lO-, 
and 11 -years; and 31 subjects in the olcjest age group (Cohort C) were 
• ' tested at 11, 12 ?nd 13 years. Table. 1 proyides a sisnary of siibject 

character'i sties In the longitudinal sapple for each year^of the project. ■ 
Inspection of these data indica.ted that the ages, IQs, and.-socloeconomic , 
status of children in the reflective arid i?npulsive groups remained 
* * comp'arable frofe year to year which suggests .tMt 'subject attrition was . 
not selective. ... 



Insert Table 1 about here. 



The fir^af^saraple >^s^compo^d of 39^bpi^ and 1 53^ girls. • ■ An analysis 
of variance on WISC verbal IQ scorWtndicated thatj^nflective and irapuJ- 
•sive children* In each age gcPup were comparable, although refl.ectives 
tended to score somewhat higher than Irapulrfves at-e.a^ch. a^f Hvel The 
sample contained 76 white children an/ 16 black, children. The. socio- 
economic status of eafh chiTd was classified as either 'upper, mWdle or ^ 
lower by using the' Hoi linsshead sc?le for parental, occupation-: ' 
A series of Chi-square analyses for each age group in the f^nal sample ^ 

fail^to sf?&w Slgn1ficant-d1ffer£nces In the^ SES distrlfatftlon for 
reflectlves and Impulsives. * 1 ^. 

' Experimental Design 

The primary design was a 2 X 2 X 4.fn?>5£rd ^fdcforial. The between- 
subjects factors were sex' (male and female):iafnd fognitive style (reflectfve 
and* impulsive j. The within-subj^cts factQr^'.werre a^ge within developmental 
levels (Cohort A, 7, 8 and.9 years ;. CohqH 4^ 9,' lo\and 11 years; Cohort C, 

• 11,' 12 and, 13 years) and .order of prp"bifei?t"adniin1 strati on for each tasK. 
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The order of problem administration for each task was varied by Latin 
squares, and each subject *as rahdomly assigned to one of^the possible 
orders . ' • , * • \ ; : ■ ' 

^ Procedure ' ' . 

* . Subjects vfere tested irnHvidually in two separate* sessions each'i^r 
of the project. With the exception of the HFF, which required approximately 
lO^Ainutes* tt^e sessions, lasted frcrtn 30 to 45 mini/tes.^ In order to control, 
fo^ age variability in the longitudinal analysis, each subject was tested 
'wfthin 3 weeks of his original test date each year. The testing procedures 
jjnd instructiorrs were the, same 6acH year; however, .specTfic problem solutions- 
fiiere changed to eliminate-guessing. 
Experimental Tasks * ' . ^ - 

In addition to the Hatching FaniiUar^igures test, each subject was 
given four tasksr to assess his problem solving efficiency and strategy ' 
behavior. ' ' * , • 

Matrix sol u tiOn , The stimuli foV the matrix solutfon task were 16 - 

drawings of flowers which varied according to size (large or siaall), 

. J » • * 

color (red or blue), number of petals (four or six), and context element,; 

(yellow square or triang.le in center). The stimuli were randtottly arranged 

In a 4 X 4 matrix of .3-inch cm) squares and were presented on a 12-Inch 

(30.48 cm) ^ej^are card. Subjects. were given four problems in ^hich they were 

Instructed to find the correct flower in the array by asking questions that 

could be answered as yes or no. If the child asked a question that could not 

be answered as yes or no, the experimenter said, "Remember, I'tan't give you 

, . . ■ 

any answer but yes or no." A more detailed description of this procedure 



can be found in Eimas (1970) and McKinn^y (1973). • >| 
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On# convenient measure of the efficiency of information procfrssing 
oh this task is the expected or average .amount of infprmati on -obtained by ^ 
each, question. The expected^formation .score /or each response was ^ . 
computed aV the sim of the informational outcomes in bits weighted by . 
the probabilities of oc^curihce. Sinde the mearT fnforraatidn Scores also , - 
reflect the nu%er ofVcarlfade by the .subject, "it was considered 
desirable to provide a measure of the general 'approach or type of strategy 
followed by the subject as well aSkthe efficiency with which the strategy ,. 
was used. Each response or questions was- scored as either an attribute, • 
spatial, specific instance, or noninfonnative hypotKesis. attribute 
hypothesis / Vias defined as a^question about one of the four stimulus 
dimensions in A array, e.g.. "JIs it small?". ^A^|^,al hypothesis was 
defined as a-question about the position of^the correct element ip . 
the array, such as. "Is it in this row.?". A specific instande hypothesis 
was scored when the subject selecte;d~a single stimulus. A noninfonnative 
hypothesis Wcts scored when the subject -.asked a question that could aot_ 
be answered as yes or now.. or when he asked a question that provided 
redundant information. ^ j^^.. 

Pattern matching . The stimi^li fq^e patteVft. matching task w^. _ 
eighf circular patterns composed of binary elements (bla'ck or white dots). 
Each pattern was' drawn on a 4 X 6 inch .(10.16 X 15.24 cm*) card which 
contained four bla^k dots and four white dots. The eight stimulus 
cards were displayed in a 2 X 4 array on a;iooden board which was tilted 
St a 15° angle. For each problem one of ^eight patterns wasr concealed^ 
behind eight movabtle shutters. in a 10-inch (25.4 OT)'square problem ' , 
board. 
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The proeedure was similar to that used by Nelraark and Lewis (1967). 
The cJhild'was to?d that his ta^k was' fo .identify the concealed pattern ^ 
by uncoveriijg as few of its elements as possible* In each problem, the < 
stimuli ' were ccfifistructed such that otJ the first trial, four of the . ' 
shutters would eliminate half of the patterns and four would elimtnate 
single patterns."/ response which eliminated half of the remaining 
Ijattern^^on a " gi ven t>ri al was classified as a focusing response. and each 
risporis^ which eliminated a single pattern, was classified as a scanning 
♦responsi. On succeeding tiiiafs subjects could make noninfbrmative , 
•responses by opening: slrutters that provided redundant information. 

£adr of -four pi^blems used a different set of eight patterns and ^ ^ 
was introduced by saying, ."Kow find. the patterlT Inside the board by 
'opening as few wi(ndows (shutters-) as possible." The e^j^ected information 
obtained each response was computed In the same fashion as that for 
the matrix solution task,. Additional dependent measures were the ^ijiimber 
of-'nonfriformative responses and proportion of focusing responses. 

Twenty questions .. EacH strfeject was givfen a series'- of f&ur problems 
which used a twenty-questions procedure similar to that, developed by 
Mosher and Hpfnsby (19661. Two problems were administered under each 
of two conditions. In the first set of problems, subjects were shown 
the array of pictures used by Mosher and Hornsby (1966), .and their 
task was to discover whi.ch picture the experimenter had in mind by asking 
questions, that could 1)e answered" as yes or no.'. The second set of problems 
. was presented verbally, and the subject was required to cbnstrucj^the 

alternative solutions as well as to determine ithe correct one. 
" Tfje stimuli for the pictures problems, were 42 colored drawings of • 
common "objects (e.g. ."shoe, bike, cow) which were arranged in a 7 X 5 

10 



' - . - ' . * Problem Solving Strategi&s: 

array. EacK subject was aslced fo locate two pictures, ifl theJanray. 

• \ • . ■ - ' \ • . It 

The verbal problems differed from the twenty questions pictures 

problems in that the experimenter described an event for the subject 

and then asked the' subject to find out how It had happened by Ssking 

questions.- In the first problem the subject was talk that a hoy .(girl) 

left school In t'he mlddfe'of the morning* and was asked to try. to firid 

out what happened by asking questions tRat could'be answered- as yes or 

no.^ The solution to the proiilem was that the chfld had been ipjured and 

had to go to the doctor or to the hospital. Subjects were allowed to 

* • • i i 

ask a roa^irtium of 20 questions, but aho were allowed to giv^ up. after 
two, 30-second periods 6f silence. ^' ♦ • 

Regardless 'of-the subject's performance on the flr^ problem-, he 
was given a second one in which" the ^experfmenter said, "Now let's try . 
one more. A- man (womaj?) was driving down the road in hJs =(her) car. 
The car went off the road and hit a tr'efe, Why did thT^car go off the 
road?" The solution in the second 'problem was that it was snowing ^ 
and the car skidded on the icy pavement. As with all other prob'lenj;^ 
solving tasks, the specific solutions for th? verbal problems Vera 
changed each year of the project. ^ - , • 

* Subject '.s response^ on each of the twenty questions problems were 
recorded verbatim. A question was 'classified as hypothesis-seeking (HS) 
'wheffS^t referred t^,a single alternative (e.g^., Pictures--''Is jt th§ 
cow?\ Verbal-r"Did he fall asleep?-"}. Questions were scored as ^ 
constraint-peeking (CS) when 'they eliminated two or more alternkives . , 
(e.g., Pictures'-"Is'lt an animal?" .- Verbal -."Was he hurt?"). A 
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question; was scoretl as nam>formative if it could not be answered as 

yesjjr'np, or if it proyidee redund^tftt information. . . 

• Results • % • \ ; 

Problem-Solving Behavior ^ /"^. . \ ^ - - . _ „ 

, • In order'to compare ^the-'probl em-solving ef,fici*ncy of reflective 

and Impulsiye childnen, a^2(sex), X 2(cognftive style) X 3(age) multi- 

* ' ' • 

varlate analysis of vari^ince.was performed on selected dependent • # * 
measures for each t^sk. This analysis was performed separately tar 
each^age group in the longitudt^i; sample. The withi n-subjects-*fenalysis ' ^ 
on longitudinal trends within age' groiips was carried out by computing 
the linear and quadratic contrasts for the repeated measured effects.'*' 

■ • \ ' ' . ' 

The developmental trend for each'vaniable and thf resultant interpcjions . ' 

' ' . • . »» 

with sex ^nd cognijtive style wef'e tested by a multivariate analysis 

> • ^ -^^ . 

.Df'VaHance .on the .two ' sets af contrast scores (HcCalV & Appelbaumt 1973). 
^ Matrix solution . Figure 1 shows the Average expected information 
scores in b'its for reflective and impulsive sub^jects at each age level* 
The analysis of variance on the scores for each cohort failed to show ' 
significant maiti effects for either reflection/impulsivity or sex* i 
Since the sa||y^finding was obtained far all other measures on thiis 
task> the means and standard deviations for othet* variables were^ not \ 
reported .here. / ■ * ■* 

. ^ Insert Figure 1 about, here 



The n^ltivariatB* enrflysis of age effect^ for the information scores 
reveaA.ed a |ignificant linear increase foj: all cohorts, and si-gnifjcant 
quadratic trends for Cohorts B'and C. Th§ general absence 6f ^interaction; 
in t-he witt^jfn- subjects anenysis i'ndicates that the pattern of strategy 
development^dn this t-ask was the same for reflectives and impulsives 

and, for boyS ajid girls'. Inspection of data in Figure 1 suggests that 
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the quadratic trend for Cohorts B and C i;an be attributed to ceiling 
effects between the ages af 10 and* 13 years for this task.' 
' Although the results -for the oldest children in the longitudinal 
sapple were not surprising' given previoifs findings (HcKI'nneyr 1^75) , ^ 
tTje^failqre to ftnd. performance diffej/ences between reflectives ai)d * 
imfJiilsJves ifl-the yourigesrt-rojwjiis^^ witli previous results 

(HcKinney* 1973, 1975) .on JBB|[^s0d on corss-sectional compaHsons. 

Pattern niat<?^ng . Comparisons between reflectives and irnpirlslves • 
within "the youn'gest cohort revea.led ':*i£|nificant differences fn favor of 
reflectives on information-s'cdres , £(1/26) = 3.&7", < »06. Similarly, 
the repe'ated measures analysis''indicated,that reflectives 'sfioWe^a greater 
Increase in information scores' between the ages of* 7 arid 9 years than 
impulsij?es, £(^26) = 3.39, £ < .07. No signi.ficSrt sex effects or 
interactions were found, in the betwe^eo-groups analysis for Cohort. A;' ' 
however, the. wi thin-subjects analysis showed that girls mei^e greater 
gains than bo:^, £(1/263 = 5.22, £< ,.03.-. These developmental trends 
are illustrated in Figure 2. - . ■ 



Insert Figure 2 -a&out here t " 



Ir general, no significant main effects^or'interactions were fouird 
for any of the- pattern matching variables for Cohort B. Similarly, 
although significant linear trends, were found for all variables 
(ps all < .001),. no significant differences in 'the patterns of develop-, 
ment were noted between refl^cj^ives and impulsives or between boys or 
girls. ' , 

V On the other hand, highly significant effects were found within 
the oldest cbhort, £(iyi9)' = 15,39, £ < .001. Also, boys processed - o. 
Information less efficiently, £(1/19) = £ < .002^ than did girls.' - 
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Jhe wlthin-subjeets snalysis f^r the'oldest cohort yielded a sigrtlftcant 
quadi^atlc trend, £(1/19) = 8.^59» £<^,,009. Thus, the perfofniance of 
both groups improved between the ages of 11 and 12 years and tended 
to stabilize at near ceiling belween, 12 and 13 years. ■ \ 

* However, boys" showed greater gains in tnformation scores, F(l/19) = ^ 

^5;81, £ < J)2» than girls, and impulsives ?ho^ed a more rapid increase^ 
in efficiency than reflectives, £(1/19) = 4.24, fi. < .05. Therefore, / 
although boys. and impulsives^dispTayed a greater deficit in performance . 

. at year 11, they <i«de greater gains between the age§ of 11 and 13 as the 
performance of girU aiid reflectives approached ceilingW^ , 

'Twenty' questiojis - pictures.- The analysis of data in Figure 3 for 
Cohort A indicated that R#fT|ftive subjects askfed. significantly fewer 
hypothesis-seeking questions than iopjjlsive subjects, 1(1/25) = 4.09» £. .05. 
Also the repeated measures analysis indicated that reflectives tended to show a 
greater linear decrease in hypothesi'S-seeking questions than impulsives 
between the ages of 7 and 9 years, £(1/26) ='3.55, £ < .07. Although _ 
the overall 'effect for cognitive style did not approach significance, 
the longitudinal trend was for ref1ect||es to-show a great?er linear 

- increase in constraint-seeking than impulsives, £(1/26) = 6.74» £<..0T.' , 

'No significant sex effects or interactions were found for Cohort' A. 
^ 

iTisert Figure 3 about here . 

» ' ^ . * • - 

- The analysis- -^Wcohort B yielded a highly significant sex X cognitive* 
* style interaction foi*-, the percentage .of ° constraint-seeking question^,' 
F.i[l/35) ^ 5.4^, £ < .02.> Similarly, the sex X style intera.ction for 
fiypdthesfs-s^eking questfolis approached significance, £(1/35) = 2.93» £ < .09. 
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Inspection oV^he c«tt means indicated that, reflective g?rls displayed 
more advanced strategies than reflective boys, whereas impulsive boys 
were superior to impulsive girls. . • 



The data frbm Cohort C on tfie twenty questions. - pictures task 

indicated that reflectives asked reliably more constraint-seeking • / 

• *. ■ . 

questions. F(l/19) = 8.74, £ < .008^ and fewer hypothesis-scanning 

,. * *^ ' 

questipns, F(l/19) = 4.60, £< .04, than impulsiyes. Also, girls asked 

more constraint-peeking questions than boysi F(l/19) ='7.91, £ < .01 . . 

Although the main effect for repeated measures was 'significant (fis < .001) 

in every case, neither cdanitive style nor sex interected with Qccasions 

of measur'enieRt, ther^y suggesting that the pattern 0/ development over 

this period was -the ^arae for both" style groups^nd sexes. 

^ Twenty questions - verbal , ■ Inspection of the data in Figupa 4 

confirmed the initial Impression from preliminary evidence that this ^ 

was an exceedingly d1/fici<j|^ task, even.-^or the children in the oldes€ 

cohort.' In fact, the between-subjects analysis for each cohort yielded 

only one Significant effect.. Reflectives in Cohort A asked more 

cortstraint-seeKIng questions than impulsives at the 8-year level, ' 

F(l/26) ='^.05, ,2: < -05. 



/ 



Insert* Figure 4 about here 



However, the analysis of developmental changes indicated 

c 

un'usual pattern of quadratic trenjds within each cohort. With the. 
exception of reflectives in Cohort 5, subjects in each' cohort tended 
to increase in constraint seeking and decrease in hypothesis seeking 
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between the first and second year" measures, and to display the opposite 

trend b'etween the second and third year measures. Given the difficulty 

of this taisk and tfte. fact .that tfte solutions were changed each year, 

s ef-fect m^ght be^due to the relative .probability of guessing th^ 

correct, solution in at^:v^^y,eary '\ » • ' . 

Response tgmpo During Problem 'Solving 

• In' order to detennine^e effects pf cognitive style ^nd^age on 

response tempo for ^cb task, the solution time for each subject was 

recorded in seconds on each problem and divided by the number of 

responses on that .problem. In general, the between-subjects analysis 

of these data yielded significant effects for cognitive styley In 
iTohort,A reflective children. responded fftbre slowly than impulsive 
children on the pattern matching task, KV^^) = 5.71, £< .02. 
In Cohort B, reflectives were slower than impi/lsives on the twenty questio 
pictures task>> L(l/26) = 4.89, £ < .03. Ho significant sex effects in 
response £empo were found. * 

Therefore, the dat^ do nbt provide impressive evidende tKat 
reflectives and impujsives differed in. response tempo on the problem- 
solving tasks that were used, nor is there strong evidence to saggest 
that they show different developmental trends in tempo, ^f responding on 
these tasks. Similarly, with the exception of the twenty questions - 
pictures problems on which subjects showed a trend tqjf^ard longer response 
times over the three periods of study, lio consistent developmental 
pattern merged; that would Suggest systematic changes in^p«iJ6nse style 
with 5ge- ' 



' " . ' Problai Solving Strate^es 

^ : 15 

» 

-Table 2 ihows the collations between average solution times on • 
each task and selected measures of strategy behavior oij the same task 
each year of the StucbJ. These results generally support the conclc^ion 
.that. slow respondijig was positively associated with efficient strategy 
behavior. 'However,- the magnitude of this relationship varied greatly 
ach)ss tasks 'and. age levels within cohorts. 

' The positive relationship between response tempo and infonwtion . 
prtcessing Wficiency was most evident fpr the pattern matching task". 
Highly signif'fcant correlations between information scores and response 
tempo-were found .for all three age elVels within each cohort with tfte 
exception <rf 13-year-olds in Cohort C. Positive correlations between 
tempo, and constraint-seeking and/or negative correlations with hypoth^i 
seeking on' twenty questions - pictures were found for ages .7 and 8 in 
Cohort A," -ages 9. 10 and 11. in Cohort B, and age-12 inXohort C. The 
' same pattern of relationship was found for B-year-olds in Cohort . A,. . . 
lO-yean-plds in Cohort B, and 11, 12 an* 13-year-olds in:Cohort^ on 
the twenty questions - verbal task. . , 

• Although slow responding w^s-roodestl^ correlated with. attribute . 
responses on matrix solution for 7-^ear-ol^, the opposite relationship 
was found for 9-year-olds in Cohort A. Si^'larly', for ll^year-olds in 
Cohcffl -B and Cohort C and for 13-year-ol(|s i^ Cohort C, fast responding 
was associated with more efficient perf<yman(i. In order to interpret 
this finding it should be noted that the matrii solution task was 
particularly easy for older children ai>d was q%ite susceptible to 
practice effects. In fact, there was' a. progres^ve increase in the 
' freqaency of the optimal strategy 'from approximajfly 75^ at year 9 to 
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h% at year 12. Thus, once cQinpetent prt)blera so-lyefs .ha4 acqvi'rea a . 
fociising strategy -for solving matrix problems, and thoroughly practiced 
'this strategy 1n repeated asseisip^ntfi they were able to pmess .j 
Infbmation very rapidly fn rel'ition.to le^s competent prdlj.lem solvers. 

These findings suggest that response terapft during prp^lep solving 
is detenninedyby the type of strategy "that is. used by^a given child on 
th&t particular problenj and the- extent to which he/sh* can-^^sestHe 
sti^ategy effectively. Jhus-^when children proceed-slowly and p^rro 
efficiently on a given task, their response^f^ may be attributed' to 
the use of more systematic and tifue-consunilng fb^tegies. However. onc;e 
the optimal strategy has beenj^uny atquiretfand well prict1,C6d it can 
be followed with greater spwd withduf diroinish&d accuracy. - 
y ationship Between Style Measures and Strategy Weasures Over Age 

In order to' investigate the -long-terra versus short-tero Rredictive 
value o;^the Hatching Bamiliar Figures fest, cross-age correlations were 
cWifted between MFF err«r scores and response' latencies and the various 
measures oT^Jtrategy behavior. Th>3 ^analysis 'used the entire longitudinal 

sample regardless of cognitive style classification and was carried out . 

=^ ' ' ' * • • 

for tbe-two MFF measures seaprately within each cohort. 

HFF .latency . I-n general response latency rfn the HFF test proved 
to be a rather -poor predie'toV of perfonnance on~ all tasks and when 
jignificant correlations were obtained they were quite modest, ranging 
.27 to .46. Only 1 of 18 correlattons between HFF latency 
KInfoStion scores on matrix solutions was sigrijificant and only three 
refund between the same measures on' pattern maiphing. Six out of 
36 o^relations for twenty questions\ picutres were slgpjifitant, and 
4 out of 36 were significant for twenty questions - verbal. 
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HFF errors .- Although HFF error score"^ were negatively .correlated- 

. . ' , ^ ■" ' ' 

with info'naation scores, on featrix solution in 4 out of 18 cases J in only 

one instance was 1?here prediction- from dne year to the next. By" . 

'''antrast,*12vOf is' correlations between MFF error and 'infonnati on 

^ . , • ■ " *■ ^ . 

scbres on pattern isatchlng were signtficant and tross-age correlations ' 

ranging fron -.27^to -.42 were found^for all three cohorts^ A total 
\ Qf 14 o'ut erf 36 correlations were signifi^cant between error scdres and" ' 
S-Jrategy seasures orf twenty question^ - pictures and 8 of these. were 
found within Cohort C. the other hand, on^. two correlations were 
significant Itrr the twenty questions - verbal Ee4sures and both of 
these were obtained In Cohort 'C. * • 

'Thus, the relationships between error scores ^on the HFF and 
Bieasures of strategy -l^havior were considerably stronger and oore 
evident than those for response latency, and some evidence was obtained 
fbr prediction ov.er a three-year period with two problem-solving tasks. 
These resuJ^ts. suggest that individual differences 1^ resp<Kise accuracy 
as measured by the HFF test rather than response tempo account fbr the 
.superior performance of refleetives when they ire compared to impulsives 
on problan-sblving tasks. Also, these results .suggest that MFF error 
scores may be a roore useful measure for identifying coapetent problan 
* solvers than HFF latency or both HFFUency and errors, as is the -usual 

practice, ; . • 

Discussion 

The results of the present study generally support the conclusion 
that reflective children. as identified by the Hatching Familiar Figures 
test were more likely to adopt more systematic and/or roa^re problera- 
'solving strategies on tasks' that require se'quential Jaypothesis testing 
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and inft»matton processing than were impulsive children of the same age. 

longitudinal analysis of problem-solving data, oyer a three-year ; 
•period supports th€^ conclusion^ that reflective children .displayed a 
pore accelerated acqulsltfon of efficient strategies over the early . 
elementary years th^in'did iirfi)ijlsive children. At the same time, the' 
relative Impact of reflectlon-impulslvlty varied syst^tlcally.wlth^ 
developmental level over the elementary age range, the relative difficulty^ 
of the probleEi for children at different stages of cognitive development, 
and repeated experience with the type of problem at hand. 

Developn^entally, 'the' Impact of cognitive Ityle on problen SQlvIng 

i ' 

was raost evident in the behavior of children fe^tween the agfes of 7 and , 
9 years on Pattern Hatching and Tweniy Questions - Pictures problems. 
Reflective and impulsive children-Jwho* wer^ followed between the 
ages, of -9 and 11 ye|j^s did not differ In problem-solving efficient;/ on 
any of the tasks that' were used^and both groups showed the same pattern 
of linear development over three' years. R^v^fieless, reflectlves who 
were tested initially at 11 years iri. the*old^t cohort were superior to 
frapulsives on- all measures of efficiency, and strategy behavior for both 
tbe Pattern- Hatching an(i Twenty QiAstjons - Pictures tasks. Following 
'^is initial discrepancy, the performance of both groups tended to ^■ 
stabilize at near*ceiling IpveTs between 12 and 13 years. ' 
^ In general, the longitudinal results with respect to cognitive style - 
differeiTces in problem solving confirm those reported previously in cross- 
sectional stjadies (McKinney, 3973, 1975). However, the l^ailure to * find 
differences between reflectfves and irapulsives on Twenty Que|*ions - Pictures 
at year 9 in Cohort B was not co.v.istent wit^i t.he data reported AuU (1973) 
Also H;he negative i^indings for Cohort B were no'V consistent with Cameron's 



<19;6) data on the Pattern-Etching task which replicated HcKl^ey's 
*(1^75) results for .7 arfd ^'-year-olds IrtJt not for 9-year-olds. In order 
to etucidate this appitini discrepancy^n findings for children between 
9 and 11 years of ag^e* it Is necessary to consider two factors— th,e effects 
of practice due to< repeated measures- in h\e longitudinal design, and the ^ 
possibility of samp-ling bias in the original subject selection procedures,, 

In -interpreting the developmental trends displayed by reflectives 
and-impulsiyes it should be noted. that, the perfonnance of the oldest 
children in each cohort was. probably facilitated by prior experience 
with ihe -task. An alternative. explanation for differences betwee^ reflec- 

♦ 

tives and impulsives at,year 9 in Cohprt A aml-at year 11. in Cohort C with 
, no diffferences at years 9 and 11 i-q Cohort B may Be sampling- bias ^ 
However, the data that. are presented on subjepY^aractefistics in 
Table 1 does not >end support to this' interpretation. Althoug^ the • 
resuUs for" Cohort B cannot be fully explained Within the context of the 
present study, they do illustrate an impoFtant problem with the convert- 
tional methodology , of cognitive-style research/ Sljice reflective and 
irapuls-^ve children 'are seT*ect6d based on sample-specific criteria, the 
potential 'for generalizing across dtfferent studies is often -limited. . 

As expected froiii previous research (Kagan and Kogan, 1970; Hessl^ 
1976), response latency and error scores on the Hatching Familial Figures 
test were moderately stable over a period of 2 years. ^ general, HFF . 
error scores were less stable than HFF 1 atenci es » " Howevef\, HFF errors 
were more highly correlated with measures of problem-solving efficiency 
than wej^ HFF latencies/ Therefore, the data suggest th^ response 
accuracy, as measured by the HFF test, rather than response tempo, accounted 
fof performance differences between, reflective and impulsive children. 
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' . These-resuUs tend to support those of BlocK, Block and . . • * 
Harringtoa (3974) • and underscore their concerns regarding tKe inter- 
pretatlon and utility of thfe' tempo dimensions^ A key assumption. In 
much of the research on cognitive tempo has been that HFF latency, ' 
reflects a generalized pred-^osltion to respond either slowly or 
quickly In situations of high response uncertainty, iiowever, comparisons 
between reflectlves and Impulslves failed to show consistent- or marked- . 
differences In t#po of responding-^on the four problem-solving tasks 
'used- in this study t nor was tKere evidence that they showed 'different 
Nifivelopmental patterns with respect to tempo measures during problem 

solving • . , 

Furthe'i^, the analysis of the relationships between response tempo 
during problem solving and performance on the same -task showed that 

■ the child's, tempo of responding was a function of his/her strategy 
behavior. Thus, ther data suggest that wh^n reflective children per- 
formed more efficiently than impulsive children on a given task,, their 

^superior performance could be attributed to the use of more sophVstlcated 
strategies for processing task In-formation'^ rathen th^in their tempo 
of processing per se. . ' 

Therefore, one Implication of .these results .is that modificatioa 
ot the impulsive style might be accomplished by either manipulating 
task variables during problem solving and/or by specific Instruttion 
in mre ^fldent strategies. Since a iiumber of. studies frave- 
shown that^yoUng elementary school children- can acquire and transfer / 
rather comprlex problem-solving strategies (An/ierson, 1965; .Keislar & 
stern, 1970"; 41cKinney, 1972), there appears to be both practical and 
theoretical merit in focusing on the manner in which children process 
task .information as opposed to their tempo of; processing. 
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